Psoriasis is similar to endpoints of epithelial-mesenchymal transition (EMT), a process of epithelial cells transformed into fibroblast-like cells. The molecular epithelial and mesenchymal markers were analysed in psoriatic keratinocytes. No obvious alteration of epithelial markers E-cadherin (E-cad), keratin 10 (K10), K14 and K16 was detected in psoriatic keratinocytes. However, significantly increased expression of Vim, FN, plasminogen activator inhibitor 1 (PAI-1) and Slug was seen. IL-17A and IL-13 at 50 ng ml 21 strongly decreased expression of K10, Vim and FN. TGF-b1 at 50 ng ml 21 promoted the production of N-cad, Vim, FN and PAI-1. Slug was decreased by dexamethasone (Dex), but E-cad was upregulated by Dex. Silencing of ERK partially increased E-cad and K16, but remarkably inhibited K14, FN, Vim, b-catenin, Slug and a5 integrin. Moreover, inhibition of Rho and GSK3 by their inhibitors Y27632 and SB216763, respectively, strongly raised E-cad, b-catenin and Slug. Dex decreased Y27632-mediated increase of b-catenin. Dex at 2.0 mM inhibited SB216763-regulated E-cad, b-catenin and slug. In conclusion, EMT in psoriatic keratinocytes may be defined as an intermediate phenotype of type 2 EMT. ERK, Rho and GSK3 play active roles in the process of EMT in psoriatic keratinocytes.
Introduction
Psoriasis is clinically characterized by well-demarcated, erythematous plaques with adherent silvery scales [1] . The mitotic rate of the basal keratinocytes is dramatically increased: keratinocytes transit within 3-5 days from the basal to the cornified layer instead of 30 days in normal skin [2] . As a result, the epidermis is profoundly thickened (acanthosis), with elongated rete ridges. This is accompanied by an elongated spindle-shaped morphology in the upper stratum spinosum and an altered differentiation pattern of keratinocytes, indicated by parakeratosis, hyperkeratosis, loss of the granular layer as well as aberrant expression of various differentiation-associated antigens [1, 2] . Furthermore, psoriatic keratinocytes are more resistant to apoptosis compared with normal keratinocytes [3] . These cellular processes, including loss of differentiation, increase in proliferation, resistance to apoptosis, and increase in migratory and invasive capacities, are similar to many endpoints of epithelial-mesenchymal transition (EMT) [4, 5] . EMT is defined as epithelial cells losing their polarity and cohesiveness, and transforming into spindle-shaped cells that are more fibroblast-or myofibroblast-like [6] [7] [8] [9] [10] .
The EMT is a key developmental programme that is often activated during cancer invasion and metastasis [7, 11] . A defining characteristic of EMT is the loss of epithelial phenotypes and cell polarity, and the acquisition of a mesenchymal phenotype, including attenuation of E-cadherin (E-cad), ZO-1, cytokeratins, laminin 1 and microRNA-200 family, and acquisition of N-cadherin (N-cad), vimentin (Vim), b-catenin, fibronectin (FN), Snail, Slug and a-SMA, etc. [10, [12] [13] [14] .
We hypothesized that EMT may play a crucial role in psoriatic keratinocytes, and compared the expression and regulation of epithelial markers E-cad, keratin 10 (K10), K14 and K16, as well as mesenchymal markers Vim, FN, N-cad, b-catenin, plasminogen activator inhibitor 1 (PAI-1), Snail and Slug, in normal and psoriatic samples. According to our observations, it seems plausible that EMT at least superficially resembles the evolution from normal to transformed cell phenotype during psoriasis progression.
Material and methods

Reagents
Dispase, defined keratinocyte serum-free medium (KSFM) supplemented with keratinocyte growth factor (KGF), high glucose Dulbecco's modified Eagle's medium (DMEM) and fetal bovine serum (FBS) were obtained from Life Technologies (Gibco and Invitrogen, Auckland, CA, USA). SB-216763 and Y27632 were from Cayman Chemicals (Ann Arbor, MI, USA). IL-8, IL-13, IL-17A, TGF-b1and TNF-a were purchased from PeproTech (Rocky Hill, NJ, USA). 4 0 ,6-diamidino-2phenylindole (DAPI) was purchased from Sigma-Aldrich (St Louis, MO, USA). Fluorescein isothiocyanate (FITC)conjugated, Cy3-conjugated and horseradish peroxidase (HRP)-conjugated secondary antibodies were purchased from Jackson ImmunoResearch Laboratories (West Grove, PA, USA). Cocktail protease inhibitors were purchased from Roche Diagnostics (Indianapolis, IN, USA). Primary antibodies used are listed in electronic supplementary material, table S1.
Human subjects
Skin biopsy samples were obtained as previously described [15] . A cohort of 41 psoriasis patients (mean age 45.7 + 18.1, 15 females, 26 males) were included in the study. Patients did not receive any kind of psoriasis treatment for at least one month. A surgical biopsy of 1 cm untreated lesional skin from the arm or lower back was taken from the patients. Biopsies were also taken from 30 age-matched healthy volunteers (mean age 45.2 + 17.3, 12 females, 18 males), who served as controls. The biopsies were used for immunohistochemical analysis and/or incubated in 0.5% dispase at 48C overnight. Paraffin-embedded tissue blocks were available for each case.
Immunofluorescent and immunohistochemical analyses
Immunofluorescence was performed according to our previously published works [15 -17] . Immunohistochemical analysis was performed using the standard ABC-peroxidase from Vector, using diaminobenzidine as the substrate (Vector, Burlingame, Ontario, CA, USA) as suggested by the manufacturer [18] . A panel of antibodies listed in electronic supplementary material, table S1 was used to define the expression of proteins. Affinity-purified biotinylated anti-rabbit or anti-mouse IgG was purchased from Vector Lab (Burlingame, Ontario, CA, USA). A representative picture showing similar results for each group was chosen for publication. Negative controls without primary antibodies showed no immunolabelling.
Primary keratinocyte culture and stimulation
Primary normal human keratinocytes (n ¼ 16) and psoriatic lesional epidermal keratinocytes (n ¼ 20) were established from skin biopsy samples incubated with dispase as earlier described [15] [16] [17] . Psoriatic epidermal keratinocytes were seeded onto 6-well plates. After 70% confluence, cells were starved for 24 h with basal K-SFM, and then treated with 50 ng ml 21 IL-17A, TNF-a, IL-8, TGF-b1 and 1 L-13. Furthermore, to determine the role of ERK, Rho and GSK3 in the process of EMT in psoriatic keratinocytes, cells were pretreated with inhibitors U0126, Y27632 and SB 216763 at 20 mM, separately for 2 h, then incubated with or without Dex at 0.2 mM and 2.0 mM for 24 h.
RNA sequencing
RNA was extracted from normal (n ¼ 3) and psoriatic (n ¼ 3) keratinocytes cultured in vitro by using TRIZol kit (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol. In addition, RNA from psoriatic lesional keratinocytes treated with or without IL-17A, TNFa, IL-8, TGF-b1 and IL-13 was also extracted. RNA sequencing was carried out by BGI (Shenzhen, China). Gene expression profile was assessed by RNAseq analysis. The gene expression was normalized to the number of reads per kilobase per million mapped reads (RPKM). The threshold for significant differentially expressed genes was judged based on FDR (false discovery rate) 0.001 and the absolute value of log 2 ratio 1 (fold change 2). 
Quantitative real-time PCR
Western blot
Western blot was carried out as previously described [15] . Primary antibodies are listed in the electronic supplementary material, table S1. b-actin was measured as a loading control.
Statistical analysis
The statistical analyses were performed using SPSS software v. 18.0 (IBM SPSS Inc., Chicago, IL, USA) by means of oneway analysis of variance followed by the t-test. Grouped data are expressed as mean + s.d.
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Immunohistochemical results of the epithelial and mesenchymal markers in normal and psoriatic skin
Immunolocalization of epithelial markers, including E-cad, K10, K14, K16 and mesenchymal markers, b-catenin, N-Cad, Vim, FN, Snail and Slug in normal and psoriatic skin were determined by immunohistochemistry. As shown in figure 1a, E-cad and b-catenin are distributed in the whole epidermal layer and are detected in cellular membrane, not in nuclei, in both normal and psoriatic epidermal keratinocytes. Cytoplasmic K10 and K16 localize in the middle and upper spinous epidermal keratinocytes and are absent in basal and suprabasal keratinocytes, in both normal and psoriatic epidermis. In normal epidermis, K14 localizes in the basal and suprabasal keratinocytes. However, in psoriatic epidermis, K14 is evenly distributed in the whole epidermal layers. No obvious difference of the above signals is detected between normal and psoriatic keratinocytes. In normal and psoriatic dermis, little or no fluorescent signals of E-cad, K10, K14 and K16 are detected. On the contrary, signals of Vim, Snail, Slug, FN and N-cad are strong or obvious. Very faint or no signals of Vim, Snail, Slug, FN and N-cad are detected in normal epidermis (figure 1b). However, in the psoriatic epidermis, Vim, Snail, Slug and FN become strongly expressed (figure 1b). N-cad is moderately expressed. Furthermore, in psoriatic epidermal keratinocytes, Vim, Snail and FN are distributed in the cytoplasm. Slug is expressed in the nuclei. N-cad localizes in both cytoplasm and nuclei (figure 1b).
The immunohistochemical results of skin samples are listed in table 1.
Expression of epithelial and mesenchymal markers in normal and psoriatic epidermal keratinocytes
The expression of epithelial and mesenchymal markers at the mRNA level was first determined by RNA sequencing in three normal and three psoriatic keratinocytes. As shown in figure 2a, expression of these markers is defined by RPKM. rsob.royalsocietypublishing.org Open Biol. 5: 150032 included and analysed by qRT-PCR. As shown in figure 2b, there were significant differences of Vim, FN and PAI-1 in normal and psoriatic keratinocytes ( p , 0.01). No statistically significant difference between the two groups was observed for E-cad, K10, K14, K16, N-cad, b-catenin, Snail and Slug.
We further contrasted protein levels of Vim, FN, Slug E-cad and K10 between normal and psoriatic keratinocytes. As shown in figure 2c, levels of Vim, FN and Slug were higher in psoriatic cells. No difference was seen for E-cad and K10. These results were in accordance with mRNA results, except for Slug, which showed increased protein levels without increase in mRNA.
Regulation of epithelial and mesenchymal markers in normal and psoriatic keratinocytes
To date, there are limited data in the literature on cytokines and signalling mechanisms regulating cutaneous EMT [19] .
To determine the regulation of the expression of epithelial rsob.royalsocietypublishing.org Open Biol. 5: 150032 and mesenchymal markers, psoriatic keratinocytes were incubated with IL-17A, TNF-a, IL-8, TGF-b1 and IL-13 first, and then mRNA were determined by RNAseq and qRT-PCR analysis. As shown in figure 3a, E-cad is slightly increased by TNF-a. K10 was markedly reduced by IL-8, TGF-b1, IL-13, and especially IL-17A and TNF-a. K14 was downregulated by IL-17A, but upregulated by TGF-b1. K16 was evidently increased by TNF-a and TGF-b1. N-cad was remarkably increased by TGF-b1. Vim and FN was decreased by IL-17A and IL-13, but increased by TGF-b1. In addition, TNF-a upregulated FN, not Vim. PAI-1 was augmented by TGF-b1. Snail was increased by IL-17A but decreased by IL-8. Slug was markedly reduced by TNF-a. The detailed results are presented in table 2.
The RNAseq results were further confirmed by qRT-PCR in normal and psoriatic keratinocytes (figure 3b). In psoriatic keratinocytes, most of the RNAseq results were repeated, except for K14 and K16. This discrepancy may be because of the heterogeneity of studied samples. More samples should be included. 
The role of ERK, Rho and GSK3 in EMT in psoriatic keratinocytes
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observed. These results were confirmed by further qRT-PCR, which show similar results as determined by Western blot (figure 4b).
The activation of Rho/ROCK signalling pathways are a key step in EMT-associated renal, lens, liver and bronchial epithelial cell fibrosis [20] [21] [22] [23] . Glycogen synthase kinase 3 (GSK3) is a modulator of EMT [24] . Therefore, the specific inhibitor for Rho effector ROCK, Y27632, and inhibitor for GSK3 were used to inhibit the activity of Rho and GSK3, respectively; furthermore, dexamethasone (Dex) was added to check their role in EMT. 
Discussion
The mechanisms underlying EMT have been extensively explored in the past decade in cancer. Given the essentiality of the phenotypic changes in proliferation and migration of psoriatic epidermal keratinocytes, and accumulating evidence that suggests that psoriatic epidermal keratinocytes are resistant to apoptosis [3, 25] , we considered the possible involvement of EMT in the evolution of psoriatic epidermis. For this purpose, we examined the expression of epithelial rsob.royalsocietypublishing.org Open Biol. 5: 150032 and mesenchymal markers at the mRNA and protein level in normal and psoriasis patients.
One of the hallmarks of EMT is the loss of E-cad function [9, 26] . Decreased expression of E-cad and b-catenin in active psoriatic lesional skin was earlier detected by immunohistochemical analysis [27, 28] . Furthermore, increased nuclear b-catenin in suprabasal involved psoriatic epidermis was described by Hampton et al. [29] . In contrast to these results, we have not measured obvious changes either in the expression or in the distribution pattern of E-cad and b-catenin by immunohisochemistry, qRT-PCR, RNAseq and Western blot. Our results are in accordance with previous reports that there is no difference of E-cad between psoriatic and normal epidermis [30] [31] [32] . These inconsistent results may be because of the different laboratory methods being used. Immunohistochemistry alone is inadequate for quantitative analyses. It should be complemented whenever possible with quantitative measurements derived from other methods [33] .
Epidermal keratinocytes express two major pairs of keratin polypeptides, K5/K14 and K1/K10. K5/K14 is expressed specifically in the basal generative compartment and K1/K10 specifically in the differentiating suprabasal compartment [34] . Previous reports have shown that psoriatic epidermis contains lower amounts of K10 and higher amounts of K14 and K16 [35, 36] . In our study, no statistical differences for K10, K14 and K16 were detected between normal and psoriatic keratinocytes by using RNAseq, qRT-PCR and/or Western blot. These inconsistent results may be because of methods used in defining the expression of these proteins.
Mesenchymal markers, including Vim, FN, PAI-1, N-cad, Snail and Slug, were further investigated. Vim is used to track the proliferative state of melanocytes [37] . Percentages of Vim-positive cells correlate with erythema in psoriatic epidermal single cell suspensions determined by flow cytometric analysis [38] . In a proportion of biopsies of psoriatic lesions, PAI-1 was found to be present by immunohistochemistry [39, 40] . Plasma levels of PAI-1 were significantly elevated in psoriatic patients and effectively diminished by treatment with a TNF-a inhibitor, but they were not reduced by UVB treatment [41, 42] . Snail and Slug are transcription factors, and both are key mediators of EMT [43, 44] . To our knowledge, there are no data on the expression of N-cad, Snail and Slug in psoriasis. Our study demonstrates the expression of Vim, FN, PAI-1, N-cad, Snail and Slug in psoriatic epidermal keratainocytes, determined by immunohistochemistry, RNAseq, qRT-PCR or Western blot at mRNA and protein levels. Moreover, Vim, FN, PAI-1 and Slug were significantly increased. Therefore, there are increased mesenchymal markers and few differences in the expression of epithelial markers in psoriatic keratinocytes. Together with the morphological changes in psoriatic epidermis, such as spindle-like keratinocytes found in the upper stratum of spinous layer, remaining granular layer and stratum corneum, it is reasonable to conceive that psoriatic epidermal keratinocytes may experience a partial EMT.
There are three types of EMT [8] . Type 1 EMT gives rise to the mesoderm and endoderm, and to mobile neural crest cells. Type 2 EMT is associated with wound healing, tissue regeneration and organ fibrosis. Type 3 EMT is secondary epithelialization associated with cancer cells, and enables invasion and metastasis [8] . Psoriasis resembles tissue regeneration [45] , and therefore EMT in psoriatic keratinocytes may be defined as type 2 EMT. Colocalization of these two sets of epithelial and mesenchymal markers defines an intermediate phenotype of EMT [8] . Our study has shown that both epithelial markers and mesenchymal markers are detected in psoriatic keratinocytes, which indicates that psoriatic epidermal keratinocytes have passed only partly through an EMT, and this transition is incomplete. Therefore, the EMT in psoriatic keratinocytes may be defined as an intermediate phenotype of type 2 EMT.
Next, we investigated the regulation of epithelial and mesenchymal markers in psoriatic keratinocytes. It is well known that TGF-b has been characterized as a paradigm for analyses of EMT [46, 47] . Previous reports have shown that IL-17A, TNF-a or IL-8 alone or synergized with TGF-b1 promotes EMT in different cells [48] [49] [50] [51] [52] [53] . IL-13 promotes the expression of genes associated with cell invasion in HT29 intestinal epithelial cells [54] . Hence, the roles of these cytokines were conducted in psoriatic keratinocytes. IL-17A strongly decreases expression of K10, Vim and FN. TNF-a clearly downregulates K10 and Slug but upregulates K16 and FN. Evidently, TGF-b1 promotes the production of N-cad, Vim, FN and PAI-1. In addition, IL-13 decreases K10, Vim and especially FN. No obvious effect of IL-8 was observed, except for the decrease of Snail. Thus, one may conclude that IL-17A and IL-13 are negative regulators, whereas TGF-b1 is an enhancer for EMT in psoriatic keratinocytes. The effect of TNF-a may be pluripotent; additional data should be obtained to establish its role. These results are partly in accordance with the published data [48] [49] [50] [51] [52] [53] [54] . Herein, the role of cytokines in regulating EMT may be determined not only by their actions; the unique characteristics of the cells are also critical.
TGF-b induces EMT through its TGF-b receptors and the activation of the Smad signalling pathway, as well as non-Smad signalling cascades including MAPK/ERK, Rhofamily of GTPases and PI3 K/Akt [55, 56] . Our findings show that silencing of ERK partially increases E-cad and K16, but remarkably inhibits FN, Vim, b-catenin, Slug and a5 integrin. Therefore, ERK plays an active role in the process of EMT. In line with our observations, other authors have shown that the ERK pathway is required for EMT and contributes to the maintenance of an undifferentiated/ mesenchymal state in tumour cells [57] [58] [59] .
Topical glucocorticoid is one of the most commonly used anti-inflammatory drugs in psoriasis [15] . Dex plays a protective role in preventing EMT in HK-2 cells and human peritoneal mesothelial cells [60, 61] , by inhibiting GSK-3b phosphorylation and by Snail upregulation [61] . In addition, activation of the Rho/ROCK pathway in Schlemm's canal endothelial cells contributes to the mechanism of Dex-induced changes [62] . Dex may also play a protective role in EMT in psoriatic keratinocytes partly through inducing E-cad and inhibiting Slug protein. On the other hand, suppression of Rho and GSK3 strongly increases E-cad, b-catenin and Slug. It seems that there is an inverse correlation between the activity of Rho and GSK3, and expression of Slug and E-cad at the protein level in psoriatic keratinocytes. The identical increase of epithelial and mesenchymal markers by the above-mentioned inhibitors is paradoxical, as Slug can repress E-cadherin transcription [63] . As previously reported, inhibition of Rho by Y27632 upregulated the E-cad expression in silica-stimulated rsob.royalsocietypublishing.org Open Biol. 5: 150032 bronchial epithelial cells [23] , but decreased Slug promoter activity in human ovarian cancer cells [64] . The inverse correlation between the GSK3 activity and Slug protein levels was also observed in a lung adenocarcinoma cell line (CL1 -5). Activation of GSK3b made a conspicuous decrease in Slug protein levels [65] . GSK3 may in turn regulate the expression of Slug [65] . However, John et al. have reported that GSK3b inhibition is associated with the decreased expression of Slug and N-cadherin in melanoma [66] . These discrepancies may lead to the possibility that Rho and GSK3 may act depending on the cell type. Meanwhile, compared with the controls, Dex does not change Y27632-mediated enhancement of E-cad and Slug, but decreases Y27632-mediated increase of b-catenin and further suppresses Y27632mediated decrease of K14. High dosage of Dex (2.0 mM) inhibits SB216763-regulated E-cad, b-catenin and Slug. Therefore, Dex may regulate the levels of some proteins through the Rho and GSK3 pathways.
In summary, our investigations provide support for defining EMT in psoriatic epidermal keratinocytes as an intermediate phenotype of type 2 EMT characterized by upregulation of Vim, FN and PAI-1, with no changes in the expression of E-cad, K10 and K14. In the EMT process in psoriatic keratinocytes, IL-17A, IL-13 and TGF-b1 are important regulators, and ERK, Rho and GSK3 play important roles. Additionally, Dex plays a protective role. Although the detailed mechanistic role remains largely unknown, the current study clearly highlights the potential target for clinical treatment of psoriasis. For better understanding of molecular processes of EMT in psoriasis, additional regulatory factors have to be studied in the future.
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